Objective: This study investigated complementary feeding practices among four ethnic groups (Han, Uygur, Tibetan, and Zhuang) based on a cross-sectional survey in rural western China. Methods: In 2005, a stratified multistage cluster random sampling method was used to recruit 9712 children (7411 Han, 1032 Uygur, 678 Tibetan, and 591 Zhuang) between 6 and 35 months of age and their mothers from 45 counties in 10 provinces (autonomous regions, municipalities) in western China. Results: The rates of early introduction (before 6 months) of complementary foods in four ethnic groups (Han, Uygur, Tibetan, and Zhuang) were 71.30%, 95.95%, 82.40%, and 72.30%, respectively. The Infant and Child Feeding Index (ICFI) for Uygur and Tibetan children was lower than that for Han children at all age groups. Uygur children were more likely to have unqualified ICFI compared with Han children in a multivariate logistic regression (odds ratio (OR)=5.138, 95% confidence interval (CI): 4.340-6.084). A higher level of maternal education, greater family wealth, and the availability of complementary feeding educational materials decreased the likelihood of an unqualified ICFI. The nutritional status of children (Han, Tibetan, and Zhuang) with qualified ICFI was better than that for children with unqualified ICFI. Conclusions: Appropriate interventions are required to improve complementary feeding practices in rural western China.
Introduction
The United Nations Children's Fund (UNICEF) and the World Health Organization (WHO) recommend that children should be exclusively breast fed during the first 6 months of life (Pan American Health Organization, 2003) . After 6 months, a child requires adequate complementary foods for normal growth. This transition is called complementary feeding, and inappropriate complementary feeding practices may lead to malnutrition and frequent illnesses. It is an important stage in the child's growth (Schwartz et al., 2011; Young and Krebs, 2013) . A baby should receive nutritionally adequate and safe complementary foods after 6 months of exclusive breastfeeding and that breastfeeding should continue up to 2 years of age or even beyond based on WHO guidelines (WHO, 2001) . However, living conditions for a large number of ethnic minorities in western China are difficult, with the level of economic development and health care being quite poor. Also, these groups enjoy their own culture of food and traditional medicine.
Few studies have concentrated on the food supplement practices of infants and young children in rural western China (Dang et al., 2005; Xu et al., 2006) . Studies are needed to document the complementary feeding practices among different ethnic groups in western China and to investigate the factors influencing these practices. This information can provide evidence to determine whether specific interventions are needed for children among diverse ethnic groups. The UNICEF and the Chinese Ministry of Health (MOH) conducted a Rural Primary Health Care Project from 2001 to 2005 in 45 counties in 10 western provinces. Using program data from 2005, the objective of this paper is to document the complementary feeding practices of infants and young children from four ethnic groups (Han, Uygur, Tibetan, and Zhuang) and to explore the factors that affect complementary feeding.
Materials and methods

Participants and design
This study was completed in 2005. We chose our sample from a total of 14 112 mother and child pairs from four major ethnic groups (Han, Uygur, Tibetan, and Zhuang) using a stratified multistage cluster random sampling method. All the mothers gave their informed consent before being interviewed by skilled interviewers, trained to the same rigorous standard. All feeding practices and family background and demographic information were recorded in a survey questionnaire. Infants less than 6 months and children over 3 years old were excluded; 9712 mother and child pairs were included for analysis in this study. The Ethics Committee of the Xi'an Jiaotong University College of Medicine (Xi'an, China) approved the study.
Feeding information and definition
Complementary foods included porridge, egg, fresh milk, milk powder, formula (rice flour, powdered rice-cereal), bean products, fish, meat (beef, mutton, and pork), fruits, and vegetables.
The early introduction of complementary foods (early complementary feeding) was defined as adding complementary foods before 6 months of age.
Infant and Child Feeding Index (ICFI) was developed based on the followings: the initial definition proposed by Ruel and Menon (2002) ; an ICFI scoring system developed by Lai et al. (2005) according to the Nutrition and Health Survey of the Chinese People; and WHO feeding recommendations. ICFI compiled information that was then separated into three age groups: 6-8 months, 9-11 months, and 12-35 months (Qu et al., 2017) . To account for the recommendation of the Lai JQ's ICFI scoring system, qualified ICFI refers to a score that exceeds 60% of total ICFI score (>13.8), and unqualified ICFI refers to a score that less than or equal to 60% of total ICFI score (≤13.8).
Assessment of child nutritional status
The Z-scores of height for age (HAZ), weight for age (WAZ), and weight for height (WHZ) were used to assess children's nutritional status. The HAZ, WAZ, and WHZ were calculated based on the WHO guidelines (WHO, 2006) .
Statistical analysis
A total of 7411 Han, 1032 Uygur, 678 Tibetan, and 591 Zhuang children between 6 and 35 months were enrolled. A database was set up using EpiData Version 3.02 (the EpiData Association, Odense, Denmark), and data entry was duplicated. Principal component analysis was used to establish a wealth index to identify the family economic status of the participants. The wealth index was based on household assets, facilities, and income, and was classified into three groups: poor, moderate, and rich.
Frequency was used for the categorical variable descriptions. The mean and standard deviation were used for continuous variable descriptions. Chisquared tests were performed for comparison of sociodemographic characteristics, early introduction of complementary foods, and introduction of egg and meat. The Bonferroni method was used for post hoc comparison of baseline characteristics. Covariance analysis was used to compare the ICFI and any association between children's status and ICFI among ethnic groups. Differences in unqualified ICFI between the four ethnic groups were analyzed using multivariate logistic regression, which adjusted county rank, child's gender, and child's age in Model 1, Model 2, and Model 3, respectively.
All analyses were performed with SAS 9.3 (SAS Institute Inc., Cary, NC, USA). The level of significance was established at P<0.05.
Results
Sociodemographic characteristics of participants
There were significant differences between the four groups across all baseline characteristics (all P<0.001; Table 1 ).
Comparisons of the early introduction of complementary foods and the frequencies of introduction of egg and meat among ethnic groups
There were major differences between the groups in the rate of early complementary feeding. Complementary foods were introduced to 71.30% of Han, 73.30% of Zhuang, 82.40% of Tibetan, and 95.95% of Uygur children before 6 months of age. After 6 months of age, 79.00% of Han, 59.40% of Uygur, 60.86% of Tibetan, and 73.51% of Zhuang children were fed a sufficient (≥2 week −1 ) amount of egg; and 62.05% of Han, 71.26% of Uygur, 69.53% of Tibetan, and 81.55% of Zhuang children were fed a sufficient amount of meat (beef, mutton, and pork).
The differences between ethnic groups in the addition of sufficient egg and meat were significant (Table 2) .
Comparison of ICFI among ethnic groups
The lowest ICFI was found in Tibetan children in the 6-8 months age range and in Uygur children in the 9-11 and 12-35 months age ranges. The Uygur children's ICFI was lowest from 6 to 35 months. The Zhuang and the Han children's ICFIs were higher than those of the Tibetan as well as the Uygur children in the 6-35 months age range. In total, 78.12% of Uygur children were unqualified for the ICFI, which is the highest rate. Unqualified ICFI rates were lower in Han and Zhuang than in Uygur and Tibetan children, as shown in Table 3 . In Fig. 1 , the ICFI trends for children in all the ethnic groups increased rapidly in the 6-9 months age range and remained steady after 12 months. The ICFI trend for Uygur children was the lowest in the 9-33 months age range and for Han children was the highest for children older than 12 months. 
Result of unqualified ICFI in logistic regression
County rank, child's gender, and child's age were adjusted in Model 1, Model 2, and Model 3, respectively. After adjusting for the related factors in Model 1, unqualified ICFI was more likely in Uygur (odds ratio (OR)=5.672, 95% confidence interval (CI): 4.862-6.667) and Tibetan (OR=1.479, 95% CI: 1.251-1.750) than Han children. No significant difference in unqualified ICFI was found between the Han and Zhuang children. After adjusting for the related factors in Model 2, the Uygur children had higher odds of an unqualified ICFI compared to the Han (OR=5.407, 95% CI: 4.577-6.387). There was no significant difference between the Han and Tibetan children in unqualified ICFI (OR=1.148, 95% CI: 0.958-1.375). Additionally, there was no significant difference between the Han and Zhuang children in unqualified ICFI (OR=0.890, 95% CI: 0.734-1.079). We also found that when the mothers' education increased, the odds of an unqualified ICFI decreased in Model 2. Children with a mother of primary school education had a lower unqualified ICFI compared with children whose mothers were illiterate (OR=0.526, 95% CI: 0.439-0.629).
In addition, children with a mother of junior high school education had a lower unqualified ICFI compared with children whose mothers were illiterate (OR=0.347, 95% CI: 0.289-0.417). Finally, children whose mothers had a senior high school education and above had a lower unqualified ICFI compared with children whose mothers were illiterate (OR= 0.259, 95% CI: 0.203-0.329).
With the increase in the family wealth index, the odds of an unqualified ICFI decreased in Model 2. Children who had a moderate family wealth index had a lower unqualified ICFI compared with children who had a poor family wealth index (OR=0.720, 95% CI: 0.610-0.851). Children who had a rich family wealth CI: 0.592-0.811). Children whose mothers received complementary feeding educational materials had a lower unqualified ICFI compared to children whose mothers did not receive these materials (OR=0.362, 95% CI: 0.317-0.413) as shown in Table 4 .
Association between ICFI and nutritional status of children among ethnic groups
The WAZ and HAZ of Han children with qualified ICFI were higher than those with unqualified ICFI (P=0.002, P<0.001, respectively). The WHZ of Tibetan children with qualified ICFI was higher than those with unqualified ICFI (P=0.042). The WAZ and HAZ of Zhuang children with qualified ICFI were higher than those with unqualified ICFI (P=0.001, P=0.003, respectively; Table 5 ). There was no statistical difference in HAZ, WAZ, or WHZ between children with qualified ICFI and unqualified ICFI in Uygur groups. 
Discussion
This study analyzed the different complementary feeding patterns among four ethnic groups and explored the factors that affect complementary feeding in rural western China. Complementary foods were introduced to more than 70% of children from all of the ethnic groups before the age of 6 months, including 95.95% of Uygur children. Between the ages of 6 and 35 months, Uygur and Tibetan children had lower ICFI than Han children. The adjusted related factors in an unqualified ICFI logistic regression model revealed that Uygur children were more likely to have unqualified ICFI than Han children (OR= 5.138, 95% CI: 4.340-6.084). Mother's education, the family wealth index, and the availability of complementary feeding educational materials were important factors affecting ICFI.
Comparisons of complementary feeding time and main protein introduction among ethnic groups
Adding complementary foods too early was common in all the ethnic groups. Nutritionally adequate and safe complementary foods are necessary for a child after 6 months of exclusive breastfeeding, based on WHO guidelines (WHO, 2001) . We found that 71.30% of Han, 73.30% of Zhuang, 95.95% of Uygur, and 82.40% of Tibetan infants were fed complementary foods before they were 6 months old.
A related study in Xinjiang Uygur Autonomous Region in rural western China in 2006, which included Uygur, Han, Kazakh, Xibe, and Hui groups, found that only 5.8% of Han, 1.1% of Uygur, and 21.3% of other minority children were exclusively breastfed for 6 months (Xu et al., 2006) .
Egg and meat, which are high quality protein foods (Olaya et al., 2013; Iannotti et al., 2014) , were the main sources of protein in rural western China. A related study showed that sufficient and timely feeding of animal protein can reduce infant malnutrition (Dube et al., 2010; Hipgrave et al., 2014; PantojaMendoza et al., 2014) . The Rural Primary Health Care Project found that 22.8% of infants under 3 years old suffered from malnutrition in rural China (Qu et al., 2013) and that inadequate complementary foods, especially insufficient protein sources, were associated with these high levels of malnutrition. Lai et al. (2005) using data from the Nutrition and Health Survey of the Chinese People, found significant differences among different regions and children of different ages in China. A study of the general situation of feeding in ethnic minority areas (Ma et al., 2010) found that complementary feeding habits were different between the Han and Tibetan groups. Malnutrition was more common in minority areas. In our study, the Uygur children's ICFI was the lowest among four ethnic groups. The Zhuang and Han children's ICFIs were higher than those of the Uygur and Tibetan children. A percentage of 78.12% of the Uygur children had an unqualified ICFI, which is the highest rate among the four groups. The ICFI trend for the Han children was the highest after 12 months of age. Minority ethnic groups in western China have always lived in remote areas, and relied on a single food source. Different ethnic groups have different food cultures for feeding their children (Xu et al., 2007; Wu et al., 2014) . Mothers from minority ethnic groups were more likely to receive knowledge of infant feeding from their mothers and their families than from health institutions.
Comparison of ICFI among ethnic groups and the association between ICFI and the nutritional status of children
We found that ICFI was associated with the nutritional status of Han, Tibetan, and Zhuang children. In particular, the nutritional status of Han and Zhuang Sawadogo et al. (2006) also found that ICFI was significantly and positively related to HAZ in children aged 6-23 months.
Analysis of the factors affecting ICFI
The level of maternal education, family wealth index, and availability of complementary feeding information were important factors associated with the ICFI in the logistic regression analysis. Children who have mothers with higher levels of education have lower odds of unqualified ICFI as do children from families with a higher family wealth index. Children whose mothers received complementary feeding educational materials were less likely to have an unqualified ICFI (0.362 times) than those whose mothers did not receive these materials. The results of Zhang et al. (2009) were consistent with our findings. A lack of health resources, a sparsely populated region, and lack of access to convenient transportation reduced the number of mothers who received complementary feeding educational materials in rural western China.
Conclusions
A strength of our study is the large number of subjects. However, several limitations should be taken into account when interpreting our results. First, recall bias: all information about feeding practices was based on mothers' recall. Second, some confounding factors were not accounted for, for example, the occupation of mothers. Third, this is a crosssectional study, and causation can therefore not be determined.
Complementary feeding practices were best in the Han. Early complementary feeding was a common problem among all ethnic groups, leading to low rates of exclusive breastfeeding. Maternal education level, family wealth index, and availability of complementary feeding educational materials were important factors affecting complementary feeding practices. Appropriate interventions are required to improve the quality of complementary feeding in rural western China. 
